Abstract. The modeling of the dusty envelope of a "very late" Heflash star, Sakurai's object, is described. Increasing amounts of dust were expelled from the star from 1997 and onwards. The luminosity of the star increased 2.5 times during 1996-1998 but the temperature has remained nearly constant. It was found that the scenario of dust formation at a distance of about 20 R+ applies better than the very close condensation conjecture.
INTRODUCTION
Sakurai's object (V4334 Sgr) has shown very rapid changes in its spectrum during the four years which have passed since its discovery by Y. Sakurai in February 1996 (Nakano et al. 1996) . The rapid evolution of the object is summarized by Asplund et al. (1999) . They showed quite convincingly that V4334 Sgr has suffered a "very late" He-shell flash. Its effective temperature dropped during 1996 by about 1000 K according to photometric and spectroscopic data. At the end of 1996 the bands of carbonic molecules appeared in its spectrum, which up to that time was of F-type supergiant. These bands strengthened considerably during 1997. Since the end of that year the star shows irregular fading episodes typical to R CrB stars (Liller et al. 1998) . As noted, effective temperatures of the object, derived by spectral and photometric methods, were quite consistent until March 1997. The results obtained, using subsequent observations, diverge noticeably. The natural explanation of that is the increased circumstellar (CS) reddening and an extra radiation from hot dust clouds expelled during R CrB-like outbursts. Additionally, a strong infrared excess was first found in March 1997 by Kimeswenger et al. (1997) .
Last year I tried to model such a situation, and indeed the spectral energy distribution (SED) of the object during 1998-1999 was reproduced with a modest effective temperature drop of the central star from 6000 K to 5750 K (Kipper 1999) . Now, new ISO observations covering the 4.5-15.0 ¡JLYO. spectral region have been published for V4334 Sgr by Kerber et al. (1999) , and a compilation of all available photometric data has been presented by Duerbeck et al. (2000) . Therefore, the author attempted to model the object's dust shell again.
MODELING
For modeling the dust shell, the publicly available code DUSTY, developed by Ivezic, Nenkova & Elizur (1997) , was used. This code solves the radiative transfer problem for a star embedded in a spherically symmetrical dusty envelope. Synthetic spectra, calculated with an H-deficient model atmospheres, were used as the input radiation from the central star. The atmospheric models were computed with MARCS modeling program (Gustafsson et al. 1975; Edwardsson et al. 1993 ) taking into account molecular and metallic line absorption. As DUSTY was developed for relatively hot stars as the sources of input radiation, its built-in wavelength mesh is not adequate for describing the spectrum of V4334 Sgr in which strong C2 and CN bands are visible even at 6000 K. Therefore, the wavelength grid of DUSTY was made finer for A < 1.2 fj,m. In that case a direct comparison of observed broad-band magnitudes with computed SED is quite difficult. Therefore the "synthetic colors" were always computed with this new grid using the corresponding response functions.
According to Zubko (1997) the most probable grain type acting in R CrB star envelopes are grains of graphite. However, the IR spectrum of V4334 Sgr in 8-15 /xm, using pure graphite, could not be reproduced, and therefore a mixture of graphite with amorphous carbon grains was used. The relative amount of these grains was derived from the fit in 8-15 fxm spectral region. DUSTY's builtin data for optical properties were used (for graphite from Draine & Lee (1984) and for amorphous carbon from Zubko et al. (1996) (case ACAR)).
The dust density distribution ~ y 2 was adopted. Here y is the scaled shell radius y = r/ri, with r\ being the shell inner radius.
OBSERVATIONS
For IR spectral region (4.5-15.0 /im) the data published by Kerber et al. (1999) were used. These measurements cover the period from February 1997 to 1998 in four epochs. Also, near infrared fluxes (1.0-4.0 ¡J,m) for April 1997 were read from the spectral tracings by Eyres et al. (1998) . All other photometry was taken from the compilation by Duerbeck et al. (2000) . All fluxes were dereddened using Eg-v = 0.8 as adopted by Duerbeck et al. (2000) . Their reddening corrections for longer wavelengths than 600 nm were, however, changed. The mean reddening curve by Savage & Mathis (1979) corresponding to slightly larger corrections was used which results in better modeling fits.
RESULTS
First observations when the dust contribution was clearly present correspond to the end of February and March of 1997. The fit for that period is presented in Fig. 1 . As the source of input radiation, the synthetic spectrum from the H-deficient model atmosphere 6000/0.5 was used. The best fit in U was reached with the model having carbon-to-helium ratio (by number) C/He = 0.01. This value applies to most R CrB stars. For Sakurai's object, however, the ratio C/He = 0.1 was found by Asplund et al. (1999) from the 1996 spectra.
A single grain size of 0.005 /im with 60 % of graphite and 40 % of amorphous carbon grains allows to model the shown fit.
It is important that a quite small maximum y value gives a good fit as expected from the short duration of the dust forming state. The same was noted by Kerber et al. (1999) . For March 1997 I found ri = 1.68 • 10 14 cm, which corresponds to ~ 24 The stellar radius, itself, was close to 100 R@ (Kipper 1999) . The dust temperature at the inner shell radius, T<j = 1500 K and y ma x = 5. The optical depth in V was ry = 0.25. As half a year earlier no dust shell was observed, this could be considered as the expansion time which gives an expansion velocity around 525 km s -1 . This velocity is much larger than the expansion velocity of wind in AGB stars. In Fig. 2 the fit for a period of half year later (SeptemberOctober 1997) is presented. The amount of dust has increased considerably and a good fit is quite difficult to obtain. Plotted are also the November observations by Liller et al. (1998) . Note that these fluxes are much higher than a month before. This means that the dust in the line of sight has partially dispersed, and the situation is not fully spherically symmetrical. Such a case is usual for R CrB stars. Also, the fit is rather bad in 0.7-1.5 fim region, and an extra cloud of hotter dust is needed. The fit itself corresponds to stellar atmospheric model 5750/0.5 and ry = 0.85 caused by 0.005-0.1 //m grains with standard MRN size distribution (Mathis et al. 1977) . This means that some amount of larger grains have appeared. The relative amount of amorphous carbon grains is raised to 60 %. The dust temperature at the inner radius of dust shell is T<] = 1300 K. The relative thickness of the shell itself is y max = 25. This is consistent with Zubko (1998) finding that the equilibrium temperature of amorphous carbon is lower than that of graphite. These numbers are, however, not unique. The same fit quality could be obtained with slightly different parameters, for instance, ry = 1.0, Td = 1200 K and 3/max -10. The luminosity of the object has raised to log L/LQ = 4.36.
For March 1998 the amount of dust again has increased. The fit is presented in Fig. 3 . In this case T* = 5750 K, ry = 2.5, Td = 1200 K, ymax -15 with the same relative grain abundances and sizes as five months earlier. The luminosity also has not changed. Note that next month the visual fluxes become higher, again indicating the patchy character of the shell.
CONCLUSIONS
A noticeable dust emission from Sakurai's object appeared in early 1997 or at the end of 1996 when the effective temperature of the star had dropped to 6000 K. Further cooling of the photosphere has been modest or absent. During the period from November 1996 to March 1998 the luminosity of the star increased 2.5 times reaching log L/LQ = 4.4 if the distance 5.5 kpc is adopted. At the onset of the brightness drop the dusty shell had patchy character but gradually a complete shell was forming. The fit illustrated in Fig. 3 corresponds to minimum light during the second brightness drop (AV ~ 1.8) at the beginning of 1998. This minimum occurred not later than 110 days from the start of the fading. Usually in R CrB spectra during fading episodes some narrow E2 emission lines are still visible (Glayton 1996) . We obtained some spectra of the object at the same time with the prime focus echelle spectrometer of the 6 meter telescope of the Russian Academy of Sciences (Kipper Sz Klochkova 1999 From stellar lines only weak emission components of Na I D were visible. In July they also have disappeared from the spectra. The absence of narrow emission lines, usually a good fit in modeling with dust temperatures Td = 1500-1200 K and the slow recovery 200 days) indicate that in the case of Sakurai's object dust condenses at an equilibrium distance of about 20 R+ (Fadeyev 1988) , as opposed to very close (< 2 i?*) condensation thought to apply to R CrB stars (Glayton 1996) . From the described fading V4334 Sgr has not yet recovered but suffered some new "catastrophic" brightness drops (Kipper 1999 , Duerbeck et al. 2000 . Whether the object will recover to spectroscopically accessible state is not known.
